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POWER MANAGEMENT OF DATA FIG . 7A is a flow diagram illustrating a routine for 
PROCESSING RESOURCES , SUCH AS determining an action . 
POWER ADAPTIVE MANAGEMENT OF FIG . 7B is a flow diagram illustrating a routine for 

DATA STORAGE OPERATIONS performing an action . 
FIG . 8 is a flow diagram illustrating a routine for redis 

CROSS - REFERENCE TO RELATED tributing data transfer jobs . 
APPLICATIONS FIG . 9 is a flow diagram illustrating a routine for setting 

global power control filters . 
This application is a divisional of U . S . patent application FIG . 10 is an example of a display illustrating user 

Ser . No . 14 / 138 , 473 , filed Dec . 23 , 2013 ( U . S . Pat . No . 10 interface screens . 
9 , 021 , 282 ) , which is a divisional of U . S . patent application FIG . 11 shows power curves for data storage devices . 
Ser . No . 12 / 671 , 794 , filed Jun . 20 , 2011 ( U . S . Pat . No . FIG . 12 shows a table employed by the global system 
8 , 707 , 070 ) , which is a U . S . National Phase Application of server to determine power control distribution and the 
International Application Serial No . PCT / US2008 / 074686 , scheduling of data storage jobs . 
filed Aug . 28 , 2008 , which claims priority to U . S . Provi - 15 FIG . 13 is a block diagram illustrating a data storage 
sional Application No . 60 / 968 , 500 , filed on Aug . 28 , 2007 , device that may implement aspects of the invention . 
each of the above listed applications are incorporated herein FIG . 14 is a flow diagram illustrating a routine for 
by reference in their entireties . gathering data and making data processing decisions to 

reduce energy costs . 
BACKGROUND 20 In the drawings , the same reference numbers and acro 

nyms identify elements or acts with the same or similar 
Power conservation continues to be a desire for many IT functionality for ease of understanding and convenience . To 

professionals and facilities managers . For example , the EPA easily identify the discussion of any particular element or 
published a report on Aug . 2 , 2007 , which warned of the act , the most significant digit or digits in a reference number 
rising energy toll for running data centers . One of the main 25 refer to the Figure number in which that element is first 
findings of the report is that if current trends continue , introduced ( e . g . , element 810 is first introduced and dis 
energy consumption for U . S . data centers and servers will cussed with respect to FIG . 8 ) . 
nearly double by 2011 to more than 100 , 000 , 000 , 000 kW per 
hour , costing the public and private sectors $ 7 . 4 billion DETAILED DESCRIPTION 
annually and requiring an additional 10 power plants . 30 

Data centers employ data storage components , some of Described in detail below is a power sensitive system that 
which consume large amounts of power annually . Data manages power consumption in at least a data processing 
storage operations commonly rely on networked and other facility , as well as optionally in one or more buildings . 
complex systems , where transfers and other operations Aspects of the invention are described with respect to a data 
occur at different places , at different times , and for different 35 storage system , however , those skilled in the art will rec 
needs , all of which consume different levels of power at ognize that the invention may apply to any data processing 
different times . Hierarchical systems may be used , where components , as well as any power consuming devices in a 
various storage components are linked to one another and to single building , or among several buildings such as within a 
the system via a storage management component . Some of campus . The system may be scaled to provide power savings 
the components may provide filtering or control capabilities 40 for any size enterprise , from a few machines to a large 
for lower components in the hierarchy . Systems may then international network . Indeed , with machines distributed 
use these storage management components to operate or geographically , data may be transmitted and then stored at 
" oversee ” the system and its various components . However , locations where power is cheaper , such as in the Columbia 
many of the management components are used simply to River Valley , in Iceland , in the Middle East , or other 
manage and collect data from the various components . 45 locations known throughout the world for supplying low 
These management components , however , fail to consider cost energy . 
power requirements of the various components . Other prob Examples of the technology are concerned with systems 
lems exist too , as those skilled in the art will recognize based and methods that monitor , control , or modify data storage 
on the following Detailed Description . systems and their operations so as to conserve power . 

50 Although described in connection with certain examples , the 
BRIEF DESCRIPTION OF THE DRAWINGS system described below is applicable to and may employ 

any wireless or hard - wired network or data processing and 
FIG . 1A is a block diagram illustrating a building with a storage system that stores and conveys data from one point 

data processing facility . to another , including communication networks , enterprise 
FIG . 1B is a block diagram illustrating a global system 55 networks , storage networks , and so on . 

server , a portion of which resides in the data processing Examples of the technology provide methods and sys 
facility of FIG . 1A . tems , such as hierarchical data processing or storage sys 

FIG . 2 is a block diagram illustrating a hierarchical data tems , that determine and perform power conservation 
storage system . actions by correlating trending information or historical 

FIG . 3 is a block diagram illustrating components of a 60 reports and information obtained from and / or during data 
storage operations cell . storage operations , as well as forecast data for future opera 

FIG . 4 is a block diagram illustrating interaction between tions and performance . ( A hierarchical system may be a 
a global cell and data storage cells . system comprising a minimum of two components , where 

FIG . 5 is a flow diagram illustrating sending an example one of the components manages at least part of the other 
energy load report for use by a global manager or server . 65 component . ) The systems may employ flexible storage poli 

FIG . 6 is a flow diagram illustrating a routine for per cies and may monitor the operation , power consumption , 
forming an action based on an energy load report . and storage of data for a given period to modify or redis 
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tribute storage operations based on results obtained during tions may not be shown or described in detail , so as to avoid 
the monitoring period or determined in forecasts . The sys - unnecessarily obscuring the relevant description of the vari 
tem may modify storage operations during the monitoring ous examples . 
period , or may use any obtained information to modify The terminology used in the description presented below 
future storage operations . Again , while aspects of the inven - 5 is intended to be interpreted in its broadest reasonable 
tion are described with respect to data storage operations and manner , even though it is being used in conjunction with a 
components , other data processing operations and compo detailed description of certain specific examples of the 
nents are equally applicable , as well as any power consum system . Certain terms may even be emphasized below ; 
ing components within a building or buildings . however , any terminology intended to be interpreted in any 

One example is as follows : the system may look at future 10 restricted manner will be overtly and specifically defined as 
such in this Detailed Description . scheduled data storage operations , and characteristics of Suitable System each operation , to group or distribute certain operations FIG . 1A shows a power sensitive global system manager ( e . g . , grouping power intensive operations together ( or dis or server 100 communicating with a building 102 and 

tributing based on need , etc . ) ) . The system may receive a 15 optional additional buildings 114 and 116 that may be 
report of a data transfer load , where the report indicates , for similar to building 102 . Building 102 may include environ 
a given sample time , the number of individual storage mental components 104 , industrial components 106 , at least 
operations ( e . g . , number of “ jobs ” ) running with respect to one data processing facility 108 , and auxiliary components 
the number of jobs waiting to be performed . The system may 112 . Environmental components 104 may include heating 
use this information and related power data to redistribute 20 components , cooling components ( e . g . , air conditioning ) , 
jobs within a given window of time based on the type of job , dehumidifiers , etc . Industrial components may be any 
or to redistribute system resources for a later data storage machinery or device within the building , particularly 
operation . For example , a backup may be required to be devices requiring large amounts of energy , such as industrial 
performed once a week , but within a three - day window . dryers , heaters , electrolysis machines , etc . Auxiliary com 
Therefore , the system may arrange jobs so that a small 25 ponents may include any power consuming devices that are 
backup is performed together with a larger backup , thus not important or critical to operations within the building , 
enabling a drive to only be powered up once . In some cases , such as decorative lighting , fountains , etc . As explained 
the system may redistribute the storage operations during a herein , the global system manager 100 may analyze histori 
running data storage operation and adjust other components cal data and generate forecast data to conserve power within 
within a building to minimize power spikes or ensure that 30 the building 102 by powering off or reducing the power 
power remains below a threshold ( e . g . , turning off or reduc consumption of various components or system elements 
ing use of environmental components in the building such as within the building 102 . 
heating or cooling ) . The data processing facility 108 may include any of a 

While the term “ building ” is use in the example above , variety of data processing components , such as one or more 
any size enterprise may , of course , employ aspects of the 35 servers , telecommunications components , input / output 
invention . Indeed , the system described herein may employ devices , etc . For the sake of the examples below , data 
a tiered hierarchy , where each tier is related to power processing facility 108 includes at least one data storage 
consumption . In other words , data storage operations ( and system 140 , which includes any of a variety of data storage 
components associated with those operations ) are quantized devices , such as one or more tape drives , one or more disk 
into two or more discrete groups , such as a low power tier 40 drives , etc . 
and a higher power tier . Data may be stored in the first , lower Referring to FIG . 1B , a block diagram illustrates the 
power tier , at least temporarily , before being migrated to a global system server , or manager 100 , which may interact 
higher power tier . with a number of different data processing systems , such as 

For example , to avoid performing single sporadic writes data storage system 140 . ( Some examples of data storage 
to a disk or tape drive , such single writes can be cached and 45 systems will be discussed with respect to FIGS . 3 and 4 . ) 
aggregated at devices within the lower power tier . Then , Global manager 100 may include components such as a 
when a threshold number has accumulated , such writes may global power load component 110 , a global command or 
be migrated to devices at the higher power tier as a batch so filter component 120 , or other global components 130 , and 
that the tape or disk drive is powered up once . As described be coupled to an index database 132 to store data described 
in greater detail below , the most power - intensive aspect of 50 herein . Components 110 , 120 , and / or 130 act to receive , 
traditional disk storage may be operating fan motors to cool transmit , monitor , or control data processes and system 
disk drives , followed by operating disk spindle rotors to resources within the data storage system 140 as described 
rotate disks within the disk drive . For automated taped herein . Further , global manager 100 may interact with other 
libraries , heavy power consumption is required to move a data processing components in the facility , as well as other 
robotic arm to manipulate tapes , followed by operating tape 55 power consuming components in the building or campus as 
drive motors , then operating fans within such libraries . The noted herein . 
system described herein considers the various power In particular , and as described below , global load com 
requirements not only for each type of data storage device ponent 110 may ( directly or indirectly ) monitor and gather 
( disk , tape , etc . ) , but also for individual components within data on the power consumption of components or devices 
such devices to help a larger scale data storage enterprise 60 within the building 102 and may generate forecast data 
operate more efficiently . indicating future expected power requirements for compo 

Various examples of the invention will now be described . nents within the building . Global filter component 120 
The following description provides specific details for a permits global system manager 100 to apply global power 
thorough understanding and enabling description of these conservation commands to components within one or more 
examples . One skilled in the art will understand , however , 65 buildings . 
that the system may be practiced without many of these Referring to FIG . 2 , a block diagram illustrates a hierar 
details . Additionally , some well - known structures or func - chical data storage system with two levels ( although more 
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levels may exist ) : a storage operations level 210 and a global devices , or similar classes of devices , may have similar 
level 250 . The global level 250 may contain a global power curves ( e . g . , the same Hitachi disk drive has a similar 
operations cell 260 ( similar to the global system manager power curve based on particular operations and other factors 
100 ) , which may contain a global manager 100 and database such as age , environmental conditions , etc . ) . The software / 
132 . The storage operations level 210 may contain storage 5 firmware 342 may store such power consumption curves or 
operations cells , such as cells 220 and 230 . Cells 220 and other power performance data for the storage device 340 . 230 may always perform specified data storage operations or In some examples , the system performs storage opera 
may perform varied data storage operations that depend on tions based on storage policies to conserve power , avoid the needs of the system . The cells are logical groupings of power spikes , or otherwise meet previously defined power components , each with particular power requirements and 10 conservation requirements ( such as for the building 102 ) . A operations schedules . Each cell may be within a single “ storage policy ” may be , for example , a data structure that building or span multiple buildings . One cell may share 
hardware with one or more other cells . Further , the term includes a set of preferences or other criteria considered 
" cell ” is intended to represent any size grouping of compo during storage operations . The storage policy is directly or 
nents and / or operations , from a single process running on a 15 indirectly associated with the power requirements and may 
shared server to a much larger data processing and storage determine or define various data storage parameters , such as 
grouping that includes multiple servers , data storage a storage location , a relationship between components , net 
devices , network components , and multiple processes uti work pathways , accessible datapipes , retention schemes , 
lizing such components , all of which may be geographically compression or encryption requirements , preferred compo 
distributed . In other words , a “ cell ” is any set of one or more 20 nents , preferred storage devices or media , and so on . In other 
components and / or operations necessary for a data storage words , a “ storage policy ” may be a power related storage 
operation . preference . As described herein , a schedule policy or sched 

Cell 220 contains components used in data storage opera ule for performing disk storage operations may be combined 
tions , such as a storage manager 221 , a database 222 , a client with the storage policy to provide for an overall power 
223 , and a primary storage database 224 . Cell 230 may 25 related storage preference . Storage policies may be stored in 
contain similar components , such as storage manager 231 , a storage manager 310 , 221 , 231 , or may be stored in global 
database 232 , a client 233 , and a primary storage database manager 100 as discussed herein . The previously defined 
234 . In this example , cell 230 also contains a media agent power conservation requirements or plan ( power require 
235 and a secondary database 236 . Both cells 220 and 230 ments ” ) set forth parameters that global manager 100 
communicate with global manager 261 , providing informa - 30 employs to ensure certain power requirements are met , such 
tion related to the data storage operations of their respective as ensuring that power spikes over a threshold do not occur , 
cells . average power over a given period of time is below a 

Referring to FIG . 3 , a block diagram illustrating compo - threshold , monthly power expenditures are below thresh 
nents of a storage operations cell is shown . Storage opera - olds , and so forth , as described herein . 
tions cells ( such as cells 220 or 230 of FIG . 2 ) may contain 35 Additionally or alternatively , the system may implement 
some or all of the following components , depending on the or utilize schedule policies . A schedule policy specifies 
use of the cell and the needs of the system . For example , cell when to perform storage operations , how often to perform 
300 contains a storage manager 310 , clients 320 , multiple storage operations , and / or other parameters . The schedule 
media agents 330 , and multiple storage devices 340 . Storage policy , as described below , allows global manager 100 
manager 310 controls media agents 330 , which are respon - 40 and / or storage manager 310 to determine optimal or near 
sible , at least in part , for transferring data to storage devices optimal times to perform storage operations that satisfy the 
340 . Storage manager 310 includes a jobs agent 311 , a power requirements . The schedule policy may also define 
management agent 312 , a database 313 , and an interface the use of sub - clients , where one type of data ( such as email 
module 314 . Storage manager 310 communicates with cli - data ) is stored using one sub - client , and another type of data 
ents 320 . Clients 320 access data , which will be stored by the 45 ( such as database data ) is stored using another sub - client . In 
system , from datastore 322 via a data agent 321 . The system these cases , storage operations related to specific data types 
uses media agents 330 , which contain databases 331 , to ( email , database , and so on ) may be distributed between 
transfer and store data in storage devices 340 . Power man - cells . Further , the global manager and / or storage manager 
agement software or firmware 342 in one or more of the may perform storage operations within a window to satisfy 
storage devices 340 can monitor power consumption of that 50 the power requirements , such as by aggregating small stor 
device and provide power consumption data to the global age operations to reduce the number of times a drive is 
manager , as described herein . powered up , or by moving an operation to a time period 

Cells 300 may include software and / or hardware compo - when power consumption in the building is forecasted to be 
nents and modules used in data storage operations . The cells lower . 
300 may be transfer cells that function to transfer data during 55 Referring to FIG . 4 , a block diagram illustrating interac 
data store operations . The cells 300 may perform other tion between the global cell and data storage cells is shown . 
storage operations ( or storage management operations ) other Global manager 100 may communicate with a database 132 
that operations used in data transfers . For example , cells 300 and a user interface 410 and may contain global load 
may perform creating , storing , retrieving , and / or migrating components , global filter components , and other compo 
primary and secondary data copies . The data copies may 60 nents configured to determine actions based on received data 
include snapshot copies , backup copies , HSM copies , storage information and historic / forecasted power usage . 
archive copies , Continuous Data Replication ( CDR ) , virtual Database 132 may store storage policies , schedule policies , 
machines , and so on . The cells 300 may also perform storage historic / forecast power data , received sample data , other 
management functions that may push information to higher storage operation information , and so on . User interface 410 
level cells , including global manager cells . 65 may display system information to an administrator or user . 
Note : Individual hardware components in the various cells Further details with respect to the user interface display are 
have different power consumption curves , although similar discussed below . 
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Global manager 100 may push or otherwise communicate performed to help conserve power within the building or 
data to a management server 440 . Server 440 communicates buildings . Some of these actions may include rescheduling 
with a database 445 and clients 451 , 452 , and / or 453 , and storage operations , redistributing data store operations , 
have an agent 442 . Data storage servers 430 communicate transferring operations from one resource to another , defin 
data to the global manager 100 and contain data agents 432 5 ing future storage policies , setting global power conserva 
and databases 435 . Clients 454 , 455 , and / or 456 thus com - tion filters , and so on . 
municate with these servers , which form at least part of a Referring to FIG . 5 , a flow diagram illustrating a routine 
data processing or data storage enterprise . 500 provides an example of an energy load report for a 
Global manager 100 is able to perform actions ( such as global manager or server . In step 510 , the system samples 

redistributing storage operations ) , and to apply these actions 10 energy load information from running data storage opera 
to the data storage system via a management server to fulfill tions . For example , the system may sample the number of 
the power requirements . Global manager 100 receives infor - transferring jobs , the number of waiting jobs , the number of 
mation used to determine the actions from the data storage data streams for a specific media agent , and so on . Agents at 
servers 430 . In this example , the global manager 100 acts as some or all cells may be configured to gather and log data , 
a hub in the data storage system by sending information to 15 which is then sent to generate the energy load report . 
modify data storage operations and monitoring the data Various hardware components can provide such energy 
storage operations to determine how to improve the opera - load information , such as data on energy consumption and 
tions and power requirements . Alternatively or additionally , operations provided by data storage devices . A disk drive or 
a local manager 109 may perform some or all of such tape drive , such as device 1302 , may include , within its 
operations ( see FIG . 1 ) . 20 firmware 342 , instructions requiring the drive either peri 

FIG . 13 shows an example of a data storage device 1302 , odically , or in response to a query message , to provide 
similar to storage devices 340 , that provide improved power information regarding the operation of that device . Such 
efficiency and that may be employed within , for example , information can include the time and day at which spindle 
system 300 of FIG . 3 . The data storage device 1302 includes rotors and fans are powered on and off , other operations are 
initial , fast L1 cache 1304 that can rapidly store data and 25 performed , and so forth . Alternatively , or additionally , the 
pass such data to L - 2 cache 1306 , which may be a solid state system may monitor , via a bus or communications port ( e . g . , 
Flash " disk ” or other write cache . Incoming data thus is part of universal plug and play ( UPP ) ) , power characteristics 
quickly and initially stored or buffered in Ll cache 1304 and operations , which the global system manager 100 
before being passed to non - volatile L2 cache 1306 . Data can employs in making power conservation decisions described 
then be aggregated in L2 cache 1306 before being written to 30 herein . 
disk / tape 1308 , which can be cheap , conventional bulk Other ways to monitor devices and gather energy load 
storage . data may include using an external power meter coupled to 

A controller 1310 can implement block - level virtualiza - network components to gather and transmit to the local 
tion , such that the L1 cache 1304 or L2 cache 1306 is manager 109 and / or global system manager 100 device , 
mapped to conventional storage , with synchronization / mi - 35 operation and energy load data . Such data is preferably 
gration strategies described herein to minimize the need to granular , down to the level of operation for specific device 
power up individual spindle motors associated with one or components ( spindle motor , fan motor , robotic arm opera 
more disk drives ( or drive motors for tape ) . Thus , the tion , etc . ) , although it could be gathered on a much coarser 
controller 1310 can directly control one or more fan motors level , such as the amount of power consumed by whole 
1316 and spindle motors 1318 to reduce power consumption 40 devices or by data storage facilities . Such data may be 
as described below . Moreover , the storage device 1302 may gathered from existing technologies or from the local public 
also communicate with the global system manager 100 or utility . By comparing a schedule of jobs or storage opera 
local manager 109 ( via communications unit 1314 ) enabling tions performed by a data storage facility or by a specific 
it to be controlled remotely . One or more sensors 1320 can device , with externally obtained data such as that from a 
monitor , for example , the temperature within the data stor - 45 public utility , the system may match devices / facilities with 
age device 1302 . Such sensors can also monitor other power consumption to determine how much power was 
operations within the data storage device , such as the consumed for a specific data storage operation at a specific 
collection of metrics on the operation of read / write head location and / or by a specific device . Such power consump 
access motors , the seek time for a tape drive , and so forth . tion information may be broad , generic data , or may be 
The controller 1310 may then forward such metrics or other 50 converted to standard units employed by the system , such as 
data gathered from the sensors to the global or local man - the power storage quantity ( e . g . , megawatt hours per giga 
agers via the communications unit . ( The metrics may also be byte ) . Overall , one skilled in the relevant art will recognize 
used ( e . g . , by the managers or controller ) to generate sta - that the terms " energy load data , " " power consumption , " 
tistics on such parameters sensed . ) The power management and the like , are generally used interchangeably herein . 
software for firmware 342 can also instruct the controller 55 Alternatively , or additionally , the system can transmit one 
1310 to gather such sensory data , and / or other data within or more test packets or test files through the network and 
the data storage device 1302 ( e . g . , power curves / perfor - store them on a given data storage device and have metrics 
mance , as noted herein ) and report it to the global system reported back on such operations . For example , the global 
manager 100 , local manager 109 , or both ( via the commu - system manager 100 may transmit a test file of one gigabyte 
nications unit 1314 ) . Other details on operation are provided 60 to multiple different data storage resources ( e . g . , different 
below . disk drives , tape drives , etc . ) along different network paths , 
Power Reports and Associated Actions and in different cells or locations , and then request that 

Reports or other collected data that sample data storage appropriate metric data be fed back . The global system 
operations and storage device operations provide meaning - manager 100 then receives such reporting metrics on how 
ful information to global manager 100 . Using this informa - 65 long the operation took to be completed , what power 
tion , the global manager 100 ( via load component 110 or requirements were necessary to complete the operation , etc . 
other similar components ) may determine actions to be Such data can then be stored in the index database 132 
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( and / or other databases ) to help estimate the power require energy load report may also cover any combination of 
ments for future data storage operations . Such future opera storage cells , components , and / or systems . The energy load 
tions may then be appropriately scaled . While not exact , a report can provide to an organization the cost to move data . 
good estimate may be found if a job were simply scaled up While files may be typically sorted based on file size , the 
given that a 100 - gigabyte job would utilize 100 times more 5 system can also provide a power size associated with each 
energy than the one - gigabyte test job ( the actual amount file that may help determine power costs for moving or 
likely being less ) . An example including further details on storing that data . This " power size ” metric may then be tied 
processes for sending a test packet or file to determine the to the storage policy to help manage that data . Thus , the 
performance of data storage resources may be found in the system could employ more extensive power conservation 
assignee ' s U . S . patent application Ser . No . 11 / 269 , 513 , filed 10 techniques for data over a certain power size threshold . 
Nov . 7 , 2005 , entitled “ Method and System for Monitoring Some data , such as accounting or sales data , may have a high 
a Storage Network . ” priority and may be less susceptible to the power size metric . 

In step 520 , the system generates a report containing some In other words , such data may be so important to an 
or all of the sampled information . The report may contain the organization that it must be copied , managed , or moved 
information as sampled or may provide analyses or algo - 15 regardless of the power required to do so . However , other , 
rithmically generated information for the sampled informa - less important data , such as daily emails , aged data , etc . , 
tion . For example , the system may obtain certain data and may be more susceptible to energy efficient data manage 
perform certain statistical analyses with respect to the data , ment , and thus the power size metric will play a bigger role 
like determining a mean and / or standard deviation . More - in storage policy for such data . In other words , the system 
over , the system may gather information on the power 20 can analyze an energy cost associated with a file , possibly 
consumption of various data storage components and future with other data such as a priority ranking for that file , an 
scheduled or predicted data storage jobs in order to forecast determine if a resulting metric or value exceed a threshold . 
future power consumption . If so , then the system may implement a storage policy or 

In step 530 , the system transfers the report to a global power conservation operation ( as described below for FIG . 
manager 100 . The report can track usage and files or 25 14 ) . Of course , the relative priority of and any storage 
operations associated with such usage . Indeed , as described policies associated with data will differ between organiza 
herein , the system may employ data classification tech - tions , and possibly within groups of a given organization . 
niques ( with associated data or software agents ) to monitor The system can provide feedback on how much power is 
data storage operations , which can then be compared to required to store certain data . For example , a system admin 
energy load information to track and manage power con - 30 istrator may determine that the same large database , which 
sumed per data storage operations , even down to individual is being copied weekly , has associated with it varying power 
file or client computer levels . The data classification agent consumption metrics . ( This same example may likewise 
can gather and create an index of power usage and associate apply to two or more files having similar characteristics , 
such usage with specific devices , files managed / stored , etc . such as based on size , energy cost per megabyte , etc . , and 
Alternatively or additionally , a software agent running on 35 where that similarity may be within a certain standard 
one or more of the client computers 451 - 456 can provide deviation . ) The administrator can then determine , also from 
such data to the global system manager . Furthermore , data the report , that the differences in power consumption are 
processing devices themselves ( e . g . , storage devices 340 ) related not to the amount of data , but to specific network 
can provide such data to the global system manager . components being employed , type of data , processes per 

Overall , much of the data gathered herein may be per - 40 formed , etc . Thus , the administrator may modify the storage 
formed by software agents and stored in indexes , using the policy for that database to employ more energy efficient data 
techniques described in detail in U . S . patent application Ser . storage components or processes . Alternatively or addition 
No . 11 / 564 , 180 , filed Nov . 28 , 2006 , published Aug . 30 , ally , the administrator may identify which network compo 
2007 , as U . S . Publication No . 2007 - 0203938 , entitled “ Sys - nents , data storage components , or other components within 
tems and Methods for Classifying and Transferring Infor - 45 the enterprise are energy inefficient and look to replacing 
mation in a Storage Network . ” Under the techniques those components with more energy efficient ones . Further 
described in this application , such agents can gather data more , the system itself may automatically implement or 
associated with power consumption for use by the global suggest to the administrator a plan to group smaller data 
manager 100 . The agents can gather or index metadata storage jobs together , distribute jobs to avoid high peaks of 
associated with power consumption and related parameters , 50 activity , etc . , as described herein . The system may also 
including the frequency of access to a file or storage device automatically switch to employ more efficient resources . 
and the relationship of a file to other files ( especially as This may be done using known techniques , such as Baysian 
related to certain storage operations , such as those per - testing , or semi - automatically through empirical testing . 
formed periodically as part of a regular storage policy ) . The FIG . 6 shows a flow diagram illustrating a routine 600 for 
agents can also gather additional information , such as power 55 performing a power conservation action based on the energy 
usage by department , by building , by work groups , and other load report . In step 610 , the system receives the energy load 
aggregations of data processing components ( including data report that contains information related to power and data 
storage components ) , and not just by individual components storage operations . The system may receive any of three 
themselves . As described more fully below , the system may more types of reports , such as the following three examples 
then use such data , along with other data that may be 60 ( each of which is described in detail below ) : ( 1 ) a report that 
gathered from third - party data sources ( e . g . , energy price , provides information on future data storage operations to be 
weather forecast , or other data ) to determine how to best performed with or without power forecast data ) , ( 2 ) a report 
allocate resources and perform data processing operations that provides information on running operations ( e . g . , the 

An energy load report may be a comprehensive report that number of jobs completed , running , and waiting , at a given 
covers an entire system or enterprise . The report may sample 65 cell ) , or ( 3 ) a report that provides information on completed 
information from all cells and storage systems in any and all operations ( such as a previous night ' s operation informa 
buildings under the global system manager ' s control . The tion ) . 

me 
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Upon receiving a report or reports , the system , in step filed Jun . 18 , 2008 , entitled “ Data Protection Scheduling , 
620 , determines an action to be performed based on the such as Providing a Flexible Backup Window in a Data 
report . Referring to FIG . 7A , a flow diagram illustrating a Protection System . ” 
routine 700 for determining an appropriate power conser - Considering the example of report ( 3 ) , on completed 
vation action is shown . In step 710 , the system receives a 5 operations , the system may employ such data to help pro 
report based on data storage operations . The system , in step duce better power consumption forecasts so as to provide 
720 , compares information from the report to the power better future power conservation decisions . For example , the 
requirements and one or more known pieces of other infor - building may have been recently renovated and insulated 
mation , such as power curves for data storage components . making the previously predicted power requirements for 

Considering the first report ( 1 ) above containing future 10 heating and cooling different , and thereby freeing up addi 
data storage operations , the system ( e . g . , the global manager tional power resources that may be employed in future data 
100 ) analyzes a schedule of up coming jobs and compares storage jobs . 
those jobs to power curves for data storage devices to be Alternatively or additionally , the system may employ 
employed in those jobs and one or more power require - such data to help better predict future use of system com 
ments . Alternatively or additionally , the system may look up 15 ponents , and thus project future power requirements . Over 
an average kilowatts per gigabyte power consumption all , while the word “ report ” is used herein , it is intended to 
parameter for the system , such as from a table stored in the represent any data or metrics that the system may employ to 
index database 132 of the global system manager 100 . Such help inform further actions or take next steps . Thus , such 
a table may provide a simple , coarse metric to be used in reports can include not only a printed or displayed report 
reports and decision making within the system for the energy 20 provided to an administrator , but also a command or data 
efficiency of network and data storage components ( espe - structure provided to or employed by the global system 
cially where finer metrics are unavailable or too burdensome manager 100 or local manager 109 , so that the manager ( s ) 
to compute ) . If the report lacks core test data , then the global can automatically respond in an appropriate manner to 
manager 100 may retrieve from or generate forecast data for manage and make power efficient decisions . 
a system by determining which power conservation action to 25 In step 730 , the system may determine a power conser 
employ . For example , and as described below , power inten - vation action to be performed , and the routine 700 ends . 
sive jobs may be grouped or distributed to meet the power Referring back to step 620 of FIG . 6 , the system determines 
requirements . If , for example , the power requirement is to an action based upon the comparisons described with respect 
avoid spikes over a given threshold ( e . g . , to stay with a total to FIG . 7A , and proceeds to step 630 . 
available power level ) , then power intensive data storage 30 Referring to FIG . 7B , a flow diagram illustrating a routine 
operations may be distributed among various cells so that no 740 for performing a power conservation action is shown . In 
one cell generates a power spike . step 750 , the system determines that an action is to be 

Alternatively or additionally , two or more jobs may be performed . The system , in step 760 , reviews the needs of the 
grouped to ensure that power requirements are below a storage operation and the power requirements . For example , 
threshold ( e . g . , a small data storage job of ten kilobytes is 35 the system receives information that a data storage operation 
grouped with a larger four - gigabyte job so that a single drive at a given cell will not complete in time and that a power 
is only powered up once ) . The system may consider other threshold is about to be reached ( because other components 
factors within the building when scheduling jobs , such as in the building are unexpectedly drawing greater power ) . 
scheduling jobs when air conditioning or heating is placed in For example , the global system manager 100 may have 
a more power conservative mode so that additional power in 40 stored in the index database 132 a schedule of jobs to be 
the building may be used for data storage operations . Some preformed and estimated completion times for those jobs 
devices in the building may even be cycled off , such as and / or an available backup window in which to complete 
auxiliary components 112 , in order to meet the power those jobs . The manager can determine that the backup 
requirements . For example , the global manager may adjust window is nearing its end , but that one or more jobs are still 
the environmental components or industrial components to 45 in the queue to be performed at a given cell . Further , the 
conserve power from those components and allow it to be manager can obtain power consumption feedback data on 
applied to data storage components . Alternatively , because the power usage of the components or , at a coarser level , 
critical data storage operations might be more important , the simply receive energy consumption data from a site or 
global manager may actually adjust the air conditioning building within the cell to recognize that a power threshold 
within a data center to increase cooling to ensure that this 50 may be exceeded . ( Alternatively , or additionally , the man 
important data storage operation is performed with a lower ager may employ an index or table of estimated power 
likelihood of errors . Or air conditioning in other areas of the consumption for given devices , for given data storage opera 
building or campus may be turned off ( or thermostats tions , etc . ) 
adjusted higher ) to compensate for the increased power In step 770 , the system performs a determined action . In 
needs of the data center . 55 this example , the system may transfer some of the waiting 

For report ( 2 ) that provides information on running opera - jobs at the given cell to another cell associated with another 
tions , the global system manager may monitor ongoing building in order to off - load power to another building that 
operations and make any necessary adjustments . For has a greater capacity or to create a buffer before reaching 
example , power requirements for the current data storage the power threshold , and thereby complete the data storage 
operations may be near a given threshold because unexpect - 60 Operation . In other examples , the system may perform 
edly hot weather has caused a greater demand for cooling actions that modify or redistribute system resources before 
within the building . Therefore certain data storage jobs that the next scheduled data storage operation . Alternatively or 
can be moved to another day are so deferred . In this additionally , the system may power down , adjust thermo 
example , the system checks the storage policy to determine stats , or otherwise free up additional power within the 
which jobs may be moved . Further details on flexibly or 65 building or cell as needed . 
dynamically moving jobs within a schedule may be found in Referring to FIG . 8 , a flow diagram illustrating a routine 
the assignee ' s U . S . patent application Ser . No . 12 / 141 , 776 , 800 for redistributing data storage jobs is shown . Routine 

or 
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800 illustrates an example of load redistribution based on a 1110 until approximately time t? , since after that the power 
sampling of load statistics . In step 810 , the system samples requirements start to rise more significantly . Likewise , a 
job information from cells used in storage operations . The second device may have a power curve similar to curve 
system may obtain this information from the load report . In 1120 , where the power is quite minimal , but then begins to 
step 820 , the system defines a job usage factor for each cell . 5 rise and approach an asymptotic value . By powering down 
A job usage factor may be a metric to indicate how fre that device within a time window between t , and tz , and 
quently a data storage device , network device , system preferably before time tz , the system can realize power 
resource , cell , etc . , is used within the enterprise , such as the savings . 
number of jobs performed within a backup window as a Other power curves are of course possible . For example , function of total number of jobs that could be performed . In 10 another device , such as a tape drive , may have significant step 830 , the system compares the job usage factors for each initial power requirements upon start up , but may then have cell and determines a distribution pattern for the cells . The fairly constant power requirements thereafter ( curve 1130 ) . system can determine power or energy load requirements for 
cells or drives based on historical data from the cells , Therefore , the system may wish to only power up that device 
manufacturer ' s data for a particular drive , etc . is if a job for that device extends beyond a time threshold ta . 15 

For example , two cells are in use for daily data storage Any job lasting less than that would not make sense from a 
operations : cell A and cell B . The system receives reports for power conservation perspective , and thus a job for that 
each cell , showing job usage factors for a number of device should be either provided to another device already 
sampling periods . In this example , the reports show cell A in operation or rescheduled for a time when additional jobs 
with a job usage factor of 40 percent ( two of five jobs 20 would cause the cumulative time to extend beyond t4 . 
running ) and cell B with a job usage factor of 100 percent Some devices may have a more linear curve like curve 
( five of five jobs running ) . Based on these statistics , the 1140 , in which case the system may establish a power 
system may determine that cell B can handle 2 . 5 times as threshold P , whereby that device is only powered for an 
many jobs as cell A . Moreover , cell B may generate more amount of time until the power threshold P is reached , and 
heat than cell A , which may not only lead to greater wear on 25 then the device is powered off and other devices are 
drives and resources in cell B , but can also increase the employed . Overall , knowing the various power curves of the 
power requirements of cell B because of the less efficient devices within all cells and having the flexibility to move 
operation of drives and resources in cell B , the greater need jobs between devices and among cells , the global manager 
for cooling in cell B , etc . , all of which increase the power is able to realize greater power conservation than can be 
demands of cell B . By thus shifting jobs to cell A , power 30 realized by focusing on only a single piece of hardware . The 
requirements of cell B are reduced . index database 132 ( and / or local manger 109 ) can store such 

Referring back to FIG . 8 , routine 800 proceeds to step 840 power curves , store tables , which include relevant data 
and redistributes or reschedules jobs of future storage opera - points of such curves , or both . Of course , such power curves 
tions using cells A and B . For example , if the next daily data are only one of the many energy consumption characteristics 
store is to transfer 140 MB of data , the system sends 100 MB 35 that the system employs to realize greater power conserva 
to cell B and 40 MB to cell A . tion . Other characteristics can include geographic location 

In some examples , administrators may set the types of of such devices , periodic ( e . g . , monthly ) cost of electricity at 
information the system samples . Administrators , or devel - such locations , predicted weather at such locations , antici 
opers of the system , may define mathematical models based pated system road requirements ( e . g . , scheduled of upcom 
on their needs . Additionally , the system may use mathemati - 40 ing data storage jobs ) , etc . When determining the time to 
cal models to develop reports on a variety of different data complete a data storage operation or job , the system may 
transfers or other storage activities . The system may gather consider not only the total size of the job ( e . g . in MB or GB ) , 
not only the data described herein , but various other param - but also the data processing speed of components specified 
eters useful in forecasting or conserving power usage , such or required to perform the job ( e . g . , MB / sec ) . Such charac 
as the temperature within various rooms in the building ( s ) , 45 teristics can include any metrics or variables described 
weather data , thermostat set point data , scheduled operations herein as well as other data . 
of industrial components 106 , schedule usage or environ - Referring to FIG . 14 , a routine 1400 for gathering energy 
mental components 104 , building operation data ( e . g . , holi - related data and making dynamic and intelligent data pro 
days , worker shift times , etc . ) , historically busy ( and power cessing decisions begins in block 1410 where the system 
intensive ) times , etc . This information is used by the system 50 receives energy costs . For example , the system may gather 
to determine whether current or scheduled data storage current and / or predicted energy costs for various locations 
operations are below the established power requirements . within the enterprise , which can include energy costs in 
When they are not , the system reschedules those data storage other countries and other cities where the data processing 
operations capable of being rescheduled , adjusts the behav - components are distributed nationally or internationally and 
ior of other components in the building , and / or performs 55 connected via one or more networks . The system may also 
other actions described herein or known to those skilled in gather other energy - related data from third - party data 
the art . sources , such as current or forecasted weather at each of the 

As noted herein , the global manager implements power specified enterprise locations . 
conservation actions in part based on known performance of In block 1420 , the system determines or gathers data on 
data storage components . FIG . 11 shows an example of 60 future data processing jobs . For example , as noted herein , 
several different power curves that may be applicable to the system may gather data on upcoming data copying jobs 
various data storage components . For example , power curve to be performed at regularly scheduled intervals ( e . g . , a full 
1110 shows that this component has relatively low power backup being performed during the last weekend of every 
requirements until approximately time t , at which point the calendar month ) . This gathered data can also include other 
rate of change of power over time starts to rise more quickly . 65 information noted herein , such as estimated total data size to 
Knowing this , the global manager may attempt to conserve be copied ( such as in hundreds of gigabytes ) , energy cost per 
power and operate the device associated with power curve megabyte ( e . g . watts / sec / MB ) , energy profile data associ 
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ated with data processing devices ( such as that provided by global level and reapplied during or after storage operations 
the system of FIG . 13 ) , and so forth . ( such as described herein ) . For example , the system may use 

In block 1430 , the system calculates cost differences to energy load reports to set a policy that redistributes the 
reallocate jobs to different locations , to different data pro resources of a storage operation and may then use the global 
cessing resources , or both . In other words , the system 5 filters to implement the policy . The system may employ a 
calculates a cost or other metric for each data processing job weighted node modeling tree to model entities for each 
( or each job over a given time , energy cost , or size threshold ) power consumer within the system . 
to help determine whether that job should be performed as As noted above , the system may organize data storage 
planned or reallocated elsewhere . For example , a large full devices into two or more efficiency or power consumption 
backup performed once each month by the enterprise may be 10 tiers , with power efficient devices , such as solid state 
best handled in a jurisdiction having lower energy costs memory ( including flash memory ) in one tier , with power 
( even at a data storage location in another country ) if energy hungry devices in at least a second tier , such as automated 
costs are sufficient low enough and other factors so require . tape storage libraries . The system can model or display such 
Other factors can include a risk factor that data may be lost , tiers of the entire data storage enterprise . The system can 
a backup window may be missed , etc . If the calculated cost 15 provide a topology of network devices and resources , with 
difference exceeds a threshold ( block 1435 ) , then the job is power consumption metrics associated with each compo 
allocated to a lower cost location , to lower cost resources , or nent , including not only the data storage components ( disk 
both ( block 1450 ) ; otherwise , the job is associated with the drives , tape drives , etc . ) , but also other system components , 
existing resources ( block 1340 ) . Alternatively or addition including network components ( routers , switches , hubs , 
ally , the system can allocate a different storage policy if the 20 etc . ) . Such a topology can model network pathways , hier 
calculated cost exceeds the threshold ( block 1450 ) , or asso - archy or tiers of hardware within the enterprise , and report 
ciates the existing , default or other policy to that job ( block back metrics from such hardware ( or operations on the 
1440 ) . While this example refers to data storage jobs , any hardware ) . 
other data processing jobs or other manipulation of data Thus , by classifying data storage components within tiers , 
within the enterprise can be considered and managed by this 25 the global system manager 100 can manage pools of data 
routine . storage resources in different tiers to reduce power con 
As noted above , the system uses the global manager or sumption . The manager can automatically distribute and 

server to set policies for the overall system . For example , migrate or transfer data initially to power efficient storage 
referring back to FIG . 2 , there may be many different storage devices ( solid state , RAMdisk , etc . ) , and minimize access to 
and / or schedule policies set in cells 220 and 230 of the 30 data storage devices and other tiers ( e . g . , disk ) ( e . g . , just a 
storage operations level 210 . For policies used in both cells , bunch of disks ( JBOD ) , tape , etc . ) . 
the system may set such policies ( or , filters ) at the global T he system may provide a single power view or metric 
level 250 , via global manager 261 . In these cases , the system associated with some or all of the enterprise or the topology 
communicates these filters to the lower level storage cells . as a whole , so that a single value can be presented to a user 
The system may communicate globally set filters to one cell , 35 to indicate the overall power consumption within the enter 
a selection of cells , or all cells within a data storage system . prise ( or subset of components in the enterprise ) . Such a 

Referring to FIG . 9 , a flow diagram illustrating a routine single view can effectively operate as a speedometer or fuel 
900 for setting global filters is shown . In step 910 , a system gauge to represent instantaneous power consumption in the 
administrator or information from the system defines a enterprise ( while other metrics provided can show a graph or 
global policy , such as a storage policy or schedule policy 40 bar chart of the power consumption of the enterprise over 
that adjusts power conservation for building 102 . In some time ) . Further details regarding processes for obtaining a 
cases , the system may use information determined from the unified system view and an associated value may be found 
reports described above to determine the filter . Alternatively in the assignee ' s U . S . Pat . No . 7 , 346 , 751 , issued Mar . 18 , 
or additionally , the system may use other information to 2008 , entitled “ Systems and Methods for Generating a 
determine the filter , such as current and forecasted weather 45 Storage Related Metric , ” U . S . Pat . No . 7 , 343 , 453 , issued 
conditions indicating a heat spell that may require greater Mar . 11 , 2008 , entitled “ Hierarchical System and Method for 
than expected power requirements for air conditioning . The Providing a Unified View of Storage Information , ” and U . S . 
system may algorithmically correlate temperature and inter - Pat . No . 7 , 343 , 356 , issued Mar . 11 , 2008 , entitled “ Systems 
nal conditions to kilowatts per gigabyte , and the like . The and Methods for Storage Modeling and Costing . ” 
system provides a global view of environmental conditions 50 FIG . 10 shows an example of a user interface screen 1000 
at the facility , plant , campus , building , enterprise , or other that allows an administrator or user to view or adjust 
level , as well as a view of data capacity and other require - parameters within the system , including adjusting storage 
ments . While the term " filter " is used herein , any parameter policies , scheduled policies , or other policies affecting 
may be employed . power consumption within the system . The screen of FIG . 

In step 920 , the system selects where to implement , or 55 10 may be implemented in any of various ways , such as in 
push , the filter . In some cases , the system pushes the filter to C + + or as web pages in XML ( Extensible Markup Lan 
all cells within the system . In some cases , the system selects guage ) , HTML ( HyperText Markup Language ) or any other 
a proper subset of the cells and pushes the filter to the proper scripts or methods of creating displayable data , such as the 
subset of cells . In step 930 , upon selection of the cells ( or an Wireless Access Protocol ( WAP ) . The screen or web page 
automatic predetermination to select all cells ) , the system 60 provides facilities to present information and receive input 
pushes the filters to the selected cells . data , such as a form or page with fields to be filled in , 

Thus , the system may define power conservation policies drop - down menus or entries allowing one or more of several 
at many servers ( tens or hundreds ) without actually setting options to be selected , buttons , sliders , hypertext links , or 
the policies at each individual server . Example policies other known user interface tools for receiving user input . 
include storage policies , schedule policies , sub - client poli - 65 When implemented as web pages , the screens are stored as 
cies , and other policies or actions noted herein to conserve display descriptions , graphical user interfaces , or other 
power . Filters and policies may be modified at the cell or methods of depicting information on a computer screen 
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( e . g . , commands , links , fonts , colors , layout , sizes and first choice would be to allow the administrator to manage 
relative positions , and the like ) , where the layout and some or all of the parameters associated with power con 
information or content to be displayed on the page is stored servation , such as the options shown in screen 1000 . A 
in a database typically connected to a server . While certain second option would simply be a single check box , button , 
ways of displaying information to users is shown and 5 or other user interface element that allows the administrator 
described , those skilled in the relevant art will recognize that to simply have the system automatically consider power 
various other alternatives may be employed . The terms conservation when executing data storage operations , imple 
" screen , " " web page , " and " page ” are generally used inter menting storage policies , or performing other data storage 
changeably herein . A " display description , ” as generally operations within the enterprise . Thus , the system described 
used herein , refers to any method of automatically display - 10 herein could be both very flexible , allowing the administra 
ing information on a computer screen in any of the above - tor to manipulate various parameters , as well as very simple , 
noted formats , as well as other formats , such as email or providing a simple , automated option where the system 
character / code - based formats , algorithm - based formats optimizes data movement and storage operations to reduce 
( e . g . , vector generated ) , or matrix or bit - mapped formats . power . Thus , the system can both be very flexible as well as 

A cell drop - down menu 1010 allows the user to select one 15 easy to implement . Further , the system need not provide all 
of multiple cells within the data storage system and have the the options shown in screen 1000 , but can provide the 
associated resources displayed in box 1012 . Alternatively , administrator with a subset of such choices , as well as 
the user can select one or more buildings from the drop - provide additional choices . 
down menu 1025 and have the associated resources dis FIG . 12 , an example of a schedule showing jobs and 
played in box 1020 . As shown , cell A is selected , which 20 associated cells is shown for Day 1 . In addition to the power 
includes tape drive 1 , tape drive 2 , disk drive 1 , disk drive requirements and power consumption / curve data for 
2 , as well as other resources not shown . Here , tape drive 2 devices , the system prioritizes jobs based on other factors 
has been highlighted in box 1020 , and details of the drive are including the size of the jobs , the scheduling windows , and 
shown in box 1030 , such as the current load on that drive , other data . ( Other data can include the type of job to be 
total hours in use , the startup of power requirements for that 25 performed ( e . g . , snapshot , full backup , incremental backup , 
drive , heat output , historical data with respect to that drive , etc . ) or other data that may be obtained through data 
and so forth . By selecting any of the displayed items in box classification , described herein ) . As shown , job 1 has been 
1030 , a pop - up window is displayed to provide further placed first in order or queue for cell A because it has no 
information regarding each of those listed items . window available ; it must be performed on Day 1 . In other 

Screen 1000 also allows the administrator or establish 30 words , job 1 is a high - priority job that must be completed at 
power requirements . A power requirements drop - down its schedule time . Likewise , job 6 , which is of smaller size , 
menu 1040 allows the administrator to select one of several is placed second . The system places job 4 third since it has 
previously defined power requirements ( or to create new a four - day window , but is on its third day within that window 
requirements ) with the subsequent details displayed in box ( e . g . , the job has already been deferred two previous days ) . 
1050 . As shown , Power Requirement A has an average 35 Job 2 is fourth ( the first of two days within its window ) , 
power threshold , details on power peak management to and job 3 has been combined with it . Note that job 3 was 
avoid power spikes , schedule for activities , a daily or assigned to cell B , but was reassigned by the system to cell 
monthly power consumption average , historical perfor - A . This may be due to the fact that cell B spans buildings 1 
mance for the power requirement , and so forth . By selecting and 2 , and power requirements in building 2 may be such 
any of the displayed items in box 1050 , a pop - up window 40 that it is preferable for the system to move job 3 to another 
( not shown ) will be displayed to provide further information cell . Jobs 5 and 7 currently have a “ hold ” or “ H ” status . Job 
regarding the selected item , and to allow the administrator to 5 , for example , is a small job ( 15 megabytes ) , is in building 
make any appropriate adjustments . In general , any such 2 ( which could have other power constraints ) , and is only in 
pop - up windows permit the administrator to make changes its first of five days of available window . Job 7 on the other 
to displayed items . 45 hand is a large job ( 30 gigabytes ) spans buildings 1 and 2 , 

The administrator may also view or adjust the scheduling and is only in its first of five - day window . Job 7 may well 
of data storage jobs , as well as the power consumption of be a candidate for being distributed among multiple cells , 
other components within one or more buildings by selecting whereas job 5 can simply be combined with another job . The 
a day from a drop - down menu or calendar 1060 , which system of course may dynamically change jobs as power 
causes the details of any power consumptive operation 50 requirements change , as noted herein . 
occurring on that date to be displayed in box 1070 . As As is evident from the above Detailed Description , the 
shown , on Day 1 , jobs 1 through n are to be performed . By system employs a software - based method of conserving 
selecting any of these jobs , details may be provided in a power , as opposed to relying on individual hardware com 
pop - up window ( not shown ) . Likewise , the administrator ponents . Since cells are logical groupings of resources , 
may also select to display other power consumptive opera - 55 including hardware resources , such logical groupings can be 
tions to be performed on that day , by selecting “ HVAC modified or redefined as necessary . Further , additional hard 
Schedule , ” “ Industrial Component Schedule , ” “ Auxiliary ware resources may be added to or taken from a cell , and the 
Component Schedule , " as well as other schedules not system can quickly or even automatically compensate for 
shown . such changes in order to meet the predetermined power 

A Filters section includes a drop - down menu 1080 that 60 conservation policies as described herein . The system 
permits the administrator to select one or more power described herein can manage data storage not simply on a 
conservation filters , parameters , etc . , that can be applied to cost vs . speed basis , but on a cost vs . consumption basis . 
groups of two or more cells , as noted herein . The user Additional System Improvements 
interface screen 1000 is only an example and many other The system may monitor and control ( directly or indi 
options or adjustments may be provided , as those skilled in 65 rectly ) operation of components within a data storage 
the relevant will appreciate . Indeed , an initial screen ( not device . For example , with a disk drive , the system may 
shown ) may provide an administrator with two choices . The command a spindle motor in a disk drive to spin up a disk , 
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which consumes more power than the steady - state operation Thus , localizing disk access to a minimal set of spindles 
of that motor . Knowing that there is some hysteresis , the localizes the requirement for cooling and cooling power , 
system may command a disk drive to not spin down or turn thereby minimizing a need to not only selectively operate 
off the motor unless there has been no activity for a set the spindle motors , but also the fan motors . Manufacturer 
number of N minutes . Alternatively or additionally , more 5 data , feedback from monitoring operation of disks , empirical 
sophisticated algorithms based on heuristics may be testing , and so forth , can help further determine optimization 
employed to help minimize the spin - up of disks ( by ener of such drives and the components within such drives ( e . g . , 
gizing the spindle motor ) . To minimize spin - up , the system some drives may operate more efficiently with a single , 
caches data and may include both a write cache as well as larger fan and motor , while another may work best with 
a read cache , which can be implemented in any number of 10 multiple , smaller motors and fans ) . 
solid state , non - volatile arrays , such as battery backed - up A large data storage enterprise , such as one with enter 
RAM , Flash , etc . Of course , the size of the cache must be prise - class disk arrays , network attached storage ( NAS ) 
large enough to ensure that no data is lost . systems , multiple data storage tape libraries , and so forth , 

The system minimizes the frequency of access to the can afford significant opportunities for the system described 
physical disk and , where possible , read / write requests are 15 herein to implement power conservation . For example , such 
cached and aggregated to concentrate them onto a single a large enterprise system allows the system to concentrate on 
disk , requiring the spin - up of a single spindle motor . The reducing energy consumed by less - frequently accessed data 
system can employ a log - structured file system for writing and less - frequently used data storage devices . Further , by 
files to Flash or other non - volatile memory caches , which analyzing reports generated by the system , the global system 
can further minimize disk seeks , and thus further reduce 20 manager 100 can identify data access patterns that tend to 
power consumption . This can further maximize the physical cluster or focus around specific resources , along organiza 
and temporal locality of references . A log - structured file tional or administrative groups , periodically around specific 
system could eliminate random access patterns on disks and backup schedules , and so forth . For example , the manager 
allow a disk controller ( or a logical volume manager ( LVM ) ) can recognize that participants in the same project or work 
to control distribution of reads , and especially writes , to the 25 group are more likely to share a common database or file 
disk . Alternatively or additionally , the system can employ system . The system can thus segment data storage resources 
virtualization , so that block - level virtualization equivalents along organizational domains to improve or concentrate ! 
can be performed by the system . aggregate caching of data . Indeed , many of the operations 

As noted herein , the system may categorize or tier the data described herein provide not only methods for reducing 
storage or other system components based on power effi - 30 power consumption , but also concentrate active user data on 
ciency or power consumption . As also noted herein , certain a smaller number of drives to reduce the amount of unused 
devices may have different power profiles than other similar drives or disk / storage capacity , which may help an organi 
devices . One example of such a difference would be in the Zation to reduce required data storage resources . 
case of disk drives that have different disk sizes . Large disks 
may be more power - efficient per unit of storage , if all disks 35 CONCLUSION 
and read / write operations are being executed or performed 
continuously . With ample caching and RAID - type ( redun Systems and modules described herein may comprise 
dant arrays of in - extensive disks ) data distribution , however , software , firmware , hardware , or any combination ( s ) of 
smaller diameter disks may be preferable . With random software , firmware , or hardware suitable for the purposes 
access patterns across a set of disks , but with large diameter 40 described herein . Software and other modules may reside on 
disks , the probability that any given input / output request servers , workstations , personal computers , computerized 
would land on the disk is higher ( with more “ surface area ” ) tablets , PDAs , and other devices suitable for the purposes 
since all disks may be required to be online for even modest described herein . In other words , the software and other 
levels of data traffic to or from the disk ( i . e , reads / writes ) . modules described herein may be executed by a general 
With smaller diameter disks , the likelihood that any one disk 45 purpose computer , e . g . , a server computer , wireless device 
will be needed is reduced proportionately , but , on the other or personal computer . Those skilled in the relevant art will 
hand , there may be less necessity for aggregating operations appreciate that aspects of the invention can be practiced with 
or “ batching ” input / output operations to the same disk other communications , data processing , or computer system 
( localizing reference to portions of a disk ) . configurations , including : Internet appliances , hand - held 

Alternatively or additionally , the system can enhance the 50 devices ( including personal digital assistants ( PDAs ) ) , wear 
physical locality of references by employing redundancy . able computers , all manner of cellular or mobile phones , 
Using existing replication strategies originally designed for multi - processor systems , microprocessor - based or program 
data protection ( e . g . , RAID 0 + 1 ) , the system can increase the mable consumer electronics , set - top boxes , network PCs , 
probability that the next block required for an operation ( or mini - computers , mainframe computers , and the like . Indeed , 
a copy of that block ) happens to be on a recently accessed 55 the terms " computer , " " server , " " host , ” " host system , ” and 
disk ( as associated spindle motor ) . Redundant copies are the like , are generally used interchangeably herein , and refer 
costly in terms of disk space , but if an overriding concern of to any of the above devices and systems , as well as any data 
the system is to reduce power consumption , then such a processor . Furthermore , aspects of the invention can be 
trade - off can be worthwhile . embodied in a special purpose computer or data processor 

Alternatively or additionally , the system can further opti - 60 that is specifically programmed , configured , or constructed 
mize fan motor operations within the data storage device . to perform one or more of the computer - executable instruc 
For example , the global system manager , local manager , or tions explained in detail herein . 
other system components can let fans be activated or deac - Software and other modules may be accessible via local 
tivated as needed based on feedback from a temperature memory , via a network , via a browser or other application in 
sensor in the disk chassis or other location within a disk 65 an ASP context , or via other means suitable for the purposes 
drive . Increased cooling will be required by disks that are described herein . Examples of the technology can also be 
spinning , so cooling power is dependent on disk access . practiced in distributed computing environments where 
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tasks or modules are performed by remote processing performed in series , these processes or blocks may instead 
devices , which are linked through a communications net - be performed in parallel , or may be performed at different 
work , such as a Local Area Network ( LAN ) , Wide Area times . 
Network ( WAN ) , or the Internet . In a distributed computing The teachings of the technology provided herein can be 
environment , program modules may be located in both local 5 applied to other systems , not necessarily the system 
and remote memory storage devices . Data structures described above . The elements and acts of the various 
described herein may comprise computer files , variables , embodiments described above can be combined to provide 

further examples . Any patents and applications and other programming arrays , programming structures , or any elec 
tronic information storage schemes or methods , or any references noted above , including any that may be listed in 
combinations thereof , suitable for the purposes described 10 accompanying filing papers , are incorporated herein by 
herein . User interface elements described herein may com reference . Aspects of the invention can be modified , if 

necessary , to employ the systems , functions , and concepts of prise elements from graphical user interfaces , command line the various references described above to provide yet further interfaces , and other interfaces suitable for the purposes examples of the technology . 
described herein . Screenshots presented and described 15 These and other changes can be made to the invention in 
herein can be displayed differently , as is known in the art , to light of the above Detailed Description . While the above 
input , access , change , manipulate , modify , alter , and work description describes certain embodiments of the invention , 
with information . and describes the best mode contemplated , no matter how 

Examples of the technology may be stored or distributed detailed the above appears in text , the invention can be 
on tangible computer - readable media , including magneti - 20 practiced in many ways . Details of the system and method 
cally or optically readable computer disks , hard - wired or for classifying and transferring information may vary con 
preprogrammed chips ( e . g . , EEPROM semiconductor siderably in its implementation details , while still being 
chips ) , nanotechnology memory , biological memory , or encompassed by the invention disclosed herein . As noted 
other data storage media . Computer implemented instruc - above , particular terminology used when describing certain 
tions , data structures , screen displays , and other data under 25 features or aspects of the invention should not be taken to 
aspects of the invention may be distributed over the Internet imply that the terminology is being redefined herein to be 
or over other networks ( including wireless networks ) , on a restricted to any specific characteristics , features , or aspects 
propagated signal on a propagation medium ( e . g . , an elec - of the invention with which that terminology is associated . 
tromagnetic wave ( s ) , a sound wave , etc . ) over a period of In general , the terms used in the following claims should not 
time , or they may be provided on any analog or digital 30 be construed to limit the invention to the specific embodi 
network ( packet switched , circuit switched , or other ments disclosed in the specification , unless the above 
scheme ) . Detailed Description section explicitly defines such terms . 

Unless the context clearly requires otherwise , throughout Accordingly , the actual scope of the invention encompasses 
the description and the claims , the words " comprise , " " com - not only the disclosed embodiments , but also all equivalent 
prising , ” and the like , are to be construed in an inclusive 35 ways of practicing or implementing the technology under 
sense , as opposed to an exclusive or exhaustive sense ; that the claims . While certain aspects of the technology are 
is to say , in the sense of “ including , but not limited to . ” As presented below in certain claim forms , the inventors con 
used herein , the terms " connected , " " coupled , " or any vari - template the various aspects of the technology in any 
ant thereof , means any connection or coupling , either direct number of claim forms . For example , while only one aspect 
or indirect , between two or more elements , the coupling of 40 of the technology is recited as embodied in a computer 
connection between the elements can be physical , logical , or readable medium , other aspects may likewise be embodied 
a combination thereof . Additionally , the words “ herein , " in a computer - readable medium . Accordingly , the inventors 
" above , " " below , " and words of similar import , when used reserve the right to add additional claims after filing the 
in this application , shall refer to this application as a whole application to pursue such additional claim forms for other 
and not to any particular portions of this application . Where 45 aspects of the technology . 
the context permits , words in the above Detailed Description from the foregoing , it will be appreciated that specific 
using the singular or plural number may also include the embodiments of the invention have been described herein 
plural or singular number respectively . The word “ or , " in for purposes of illustration , but that various modifications 
reference to a list of two or more items , covers all of the may be made without deviating from the spirit and scope of 
following interpretations of the word : any of the items in the 50 the invention . Accordingly , the invention is not limited 
list , all of the items in the list , and any combination of the except as by the appended claims . 
items in the list . 

The above Detailed Description of examples of the tech - I claim : 
nology is not intended to be exhaustive or to limit the 1 . A method in a computing system for performing a 
invention to the precise form disclosed above . While specific 55 power conservation action within a building or among 
embodiments of , and examples for , the invention are multiple buildings , wherein the power conservation action is 
described above for illustrative purposes , various equivalent related to data processing operations , the method compris 
modifications are possible within the scope of the invention , ing : 
as those skilled in the relevant art will recognize . For receiving information related to data processing opera 
example , while processes or blocks are presented in a given 60 tions , 
order , alternative embodiments may perform routines hav wherein the information related to data processing 
ing steps , or employ systems having blocks , in a different operations comprises information related to data 
order , and some processes or blocks may be deleted , moved , processing operations to be performed , and informa 
added , subdivided , combined , and / or modified to provide tion related to data processing operations completed , 
alternative or subcombinations . Each of these processes or 65 and 
blocks may be implemented in a variety of different ways . wherein the information related to data processing 
Also , while processes or blocks are at times shown as being operations further comprises : 
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per 10 

form 

information related to power consumption forecast wherein the power conservation actions to be per 
information , and formed are based on the information related to data 

information related to delayed storage operations at processing operations and the power consumption 
one or more data storage resources , or to available information ; 
time windows for delaying storage operations ; selecting one or more of the identified power conservation 

receiving power consumption information related to at actions based on the power consumption information 
least one data processing component in the building ; and the information related to data processing opera 

identifying one or more power conservation actions to be tions ; and 
performed , changing a state of the computing system by performing 
wherein the power conservation actions to be per - 10 the selected one or more of the identified power con 

formed are based on the information related to data servation actions , 
processing operations and the power consumption wherein at least one of the power conservation actions 
information ; includes shutting off or cycling the usage of electri 

selecting one or more of the identified power conservation 15 cal components within a building or within a data 
actions based on the power consumption information storage computing system . 
and the information related to data processing opera - 7 . The system of claim 6 wherein the computing system 
tions ; and includes a hierarchical data storage system comprising two 

changing a state of the computing system by performing or more data storage cells , wherein each data storage cell 
the selected one or more of the identified power con - 20 contains a separate data storage resource capable of per 
servation actions , forming storage operations in the data storage system , and 
wherein at least one of the power conservation actions wherein each data storage resource has known estimatable 

includes adjusting the usage of electrical compo - power consumption information . 
nents within a building . 8 . The system of claim 6 wherein the one or more power 

2 . The method of claim 1 wherein the computing system 25 conservation actions comprises rescheduling or combining 
includes a hierarchical data storage system comprising two jobs from a queue to another day or a later time within an 
or more data storage cells , wherein each data storage cell available time window . 
contains a separate data storage resource capable of per 9 . The system of claim 7 wherein the one or more power 
forming storage operations in the data storage system , and conservation actions comprises reorganizing the data storage 
wherein each data storage resource has known estimatable su resources for future data storage operations . 
power consumption information . 10 . The system of claim 7 wherein the one or more power 

3 . The method of claim 1 wherein the one or more power conservation actions comprises shifting one or more data 
conservation actions comprises rescheduling or combining storage jobs to another data storage resource . 
jobs from a queue to another day or a later time within an as 11 . A tangible non - transitory computer - readable medium 
available time window . carrying instructions to perform a method in a computing 

4 . The method of claim 2 wherein the one or more power system for performing a power conservation action within a 
conservation actions comprises reorganizing the data storage building or among multiple buildings , wherein the power 
resources for future data storage operations . conservation action is related to data processing operations , 

5 . The method of claim 2 wherein the one or more power 40 the method comprising : 
conservation actions comprises shifting one or more data receiving information related to data processing opera 
storage jobs to another data storage resource . tions , 

6 . A computing system for performing a power conser wherein the information related to data processing opera 
vation action within a building or among multiple buildings , tions comprises 
the system comprising : information related to data processing operations to be 

at least one processor ; performed , and 
memory coupled to the at least one processor , wherein the information related to data processing operations com 

memory stores contents that , when executed by the at pleted , and 
least one processor performs a method of : wherein the information related to data processing opera 

receiving information related to data processing opera - 50 tions further comprises : 
tions , information related to power consumption forecast 
wherein the information related to data processing information , and 

operations comprises information related to data information related to delayed storage operations at one 
processing operations to be performed , and informa or more data storage resources , or to available time 
tion related to data processing operations completed , 55 windows for delaying storage operations ; 
and receiving power consumption information related to at 

wherein the information related to data processing least one data processing component in the building ; 
operations further comprises : identifying one or more power conservation actions to be 
information related to power consumption forecast performed , 

information , and 60 wherein the power conservation actions to be per 
information related to delayed storage operations at formed are based on the information related to data 

one or more data storage resources , or to available processing operations and the power consumption 
time windows for delaying storage operations ; information ; 

receiving power consumption information related to at selecting one or more of the identified power conservation 
least one data processing component in the building ; 65 actions based on the power consumption information 

identifying one or more power conservation actions to be and the information related to data processing opera 
performed , tions ; and 

- 45 
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causing a change in a state of the computing system by 
performance of the selected one or more of the iden 
tified power conservation actions , 
wherein at least one of the power conservation actions 

includes adjusting the usage of electrical compo - 5 
nents within a building . 

12 . The non - transitory computer - readable medium of 
claim 11 wherein the computing system includes a hierar 
chical data storage system comprising two or more data 
storage cells , wherein each data storage cell contains a 10 
separate data storage resource capable of performing storage 
operations in the data storage system , and wherein each data 
storage resource has known estimatable power consumption 
information . 

13 . The non - transitory computer - readable medium of 15 
claim 11 wherein the one or more power conservation 
actions comprises rescheduling or combining jobs from a 
queue to another day or a later time within an available time 
window . 

14 . The non - transitory computer - readable medium of 20 
claim 12 wherein the one or more power conservation 
actions comprises reorganizing the data storage resources 
for future data storage operations . 

15 . The non - transitory computer - readable medium of 
claim 12 wherein the one or more power conservation 25 
actions comprises shifting one or more data storage jobs to 
another data storage resource . 

16 . A computing system for performing a power conser 
vation action within a building or among multiple buildings , 
the system comprising : 30 

at least one processor ; 

memory coupled to the at least one processor , wherein the 
memory stores contents that , when executed by the at 
least one processor performs a method of : 
receiving information related to data processing opera 

tions , 
wherein the information related to data processing 

operations comprises information related to power 
consumption forecast information , and informa 
tion related to delayed storage operations at one or 
more data storage resources or available windows 
for delaying storage operations ; 

receiving power consumption information related to at 
least one data processing component in the building ; 

identifying one or more power conservation actions to 
be performed , 
wherein the power conservation actions to be per 

formed are based on the information related to 
data processing operations and the power con 
sumption information ; 

selecting one or more of the identified power conser 
vation actions based on the power consumption 
information and the information related to data pro 
cessing operations ; and 

signaling a change in a state of the computing system 
by performance of the selected one or more of the 
identified power conservation actions , 
wherein at least one of the power conservation 

actions includes adjusting the usage of electrical 
components within a building . 

* * * * * 


